Large CP violation is an interesting phenomenon both theoretically and experimentally. Last year, LHCb Collaboration found in some three-body decays of bottom mesons that large CP violations appear in regions of the Dalitz plots that are not dominated by contributions from narrow resonances. In this paper, we present a mechanism which can induce such kind of large CP violations. In this mechanism, large localized CP asymmetries in phase space can be induced by the interference of two intermediate resonances with different spins. We also apply this mechanism to the decay channel B ± → K ± π + π − .
I. INTRODUCTION
Charge-Parity (CP ) violation is one of the most fundamental and important properties of weak interactions. It was first discovered in K 0 − K 0 systems in 1964 [1] . In Standard Model (SM), CP violation is originated from the weak phase in Cabibbo-KobayashiMaskawa (CKM) matrix which describes the mixing of different generations of quarks [2, 3] .
Besides the weak phase, in order to have a CP asymmetry that is large enough to detect, a large strong phase is needed. Usually, this large phase is provided by QCD loop corrections.
It was suggested long time ago that large CP violation should be observed in B meson systems [4, 5] . Last year, LHCb Collaboration found clear evidence for CP violation in some three-body decay channels of B mesons [6] [7] [8] . Intriguingly, large direct CP asymmetries were found in some localized phase spaces of the decay channel B ± → π ± π + π − , which dose not clearly correspond to any resonance [7, 8] . The observed large localized CP asymmetry lies in the region m A CP = +0.622 ± 0.075 ± 0.032 ± 0.007,
while in the region m In our previous paper [9] , we proposed a mechanism which can generate large localized CP asymmetries in phase space of three-body decay by the interference of two intermediate resonances with different spins. With this mechanism, we showed that the large CP asymmetry difference between the aforementioned two regions can be interpreted as the interference of amplitudes which correspond to two intermediate resonances, ρ 0 (770) and f 0 (500), respectively.
In fact, similar CP asymmetry behavior was also observed in
When the invariant mass of the π + π − pair is around the vicinity of f 0 (500), a CP asymmetry larger than about 30% was observed for smaller invariant mass of the K ∓ π ± system, while a CP asymmetry that is slightly smaller than 0 (about 0 to -10%) was observed for larger invariant mass of the K ∓ π ± system. In this paper, we will first give a more general analysis of the aforementioned mechanism, and then apply it to the channel B ± → K ± π + π − . 
Note that a l , ∆ 13 , andŝ 13 may depend on s 12 , but all of them are independent of s 13 . For certain value of s 12 (denoted bys 12 ) when a J is much larger than other a l 's, the transition amplitude M will be dominated by the (J + 1)-th Legendre Polynomial:
One would observe a spin-J resonance lying around s 12 =s 12 , which is in fact responsible for the aforementioned cascade decay.
Another interesting situation arises when two different Legendre Polynomials with l = J 1 and l = J 2 are dominant for fixed s 12 =s 12 . The decay amplitude M will take the form
If this decay process is a weak one, a l 's may take a general form
where φ is the weak phase, while δ l and α l are strong phases, T l and P l represent tree and penguin amplitudes, respectively. The strong phases δ l and α l can be properly chosen so that both T l and P l are real. The differential CP violation parameter, which is defined as
can then be expressed as A CP = D/F , where
with P J i (i = 1, 2) being the abbreviation for P J i gs 12 (s 13 ) . One can see that the CP asymmetry depends on s 13 through P J 1 and P J 2 . This is a very interesting behavior. On the other hand, no s 13 -dependence of the CP asymmetry appears if only one Legendre Polynomial dominates because the common factor P 2 J will be cancelled between D and F . When α 1 and α 2 equal zero, only one strong phase δ ≡ (δ J 1 −δ J 2 ) contributes to CP violation, and D and F reduce to
In the following of this section, we will focus on the situation when J 1 = 0 and J 2 = 1.
Since the zero point for P 1 (g s 12 (s 13 )) lies at s 13 =ŝ 13 , this allows us to divide the allowed region of s 13 into two parts: Ω andΩ, where in Ω s 13 >ŝ 13 and inΩ s 13 <ŝ 13 . The CP asymmetries in the regions Ω andΩ, after integration over s 13 , are found to be
whereŜ
A
From the above expressions, one can check that under the interchange of Ω andΩ,ŜΩ ± are symmetric whileÂΩ ± are antisymmetric, i.e.,
Because of the presence of the antisymmetric terms, CP asymmetries in the two regions can be very different.
In practice, the two regions Ω andΩ are not defined for fixed 
which is exactly the case in Ref. [9] .
Besides the CP asymmetry, other quantities may also have interesting behaviors. For example, one can check that the quality R + , which is defined as 
III. APPLICATION TO
In this section, we will apply the mechanism which was considered in last section to the decay B ± → K ± π + π − . We will show that the interference of the two resonances, f 0 (500) and ρ 0 (770), which are spin-0 and spin-1, respectively, can lead to large localized CP asymmetry difference around the vicinity of f 0 (500) in the phase space. The corresponding effective
Hamiltonian can be expressed as [11] 
where G F is the Fermi constant, V′ is the CKM matrix element, C i (µ) (i = 1, · · · , 10) are the Wilson coefficients, O i (µ) are the operators from Operator Product Expansion, µ is the typical energy scale for the decay process. The local four quark operators O i can be written
where α and β represent color indices, e q ′ is the charge of the quark q ′ in unit of the absolute electron charge. With the effective Hamiltonian at hand, we can derive the matrix element for B − → ρ 0 π − and B − → f 0 (500)π − via the factorization approach.
We also need the effective Hamiltonian for ρ 0 → π + π − and f 0 (500) → π + π − , which can be formally expressed as
where ρ 0 µ , f 0 and π ± are the field operators for ρ 0 , f 0 (500) and π mesons, g ρππ and g f 0 ππ are the effective coupling constants, which should be in principle determined by the underling 6 theory, i.e., QCD. The effective coupling constants can be expressed in terms of the decay constants:
Both f 0 (500) and ρ 0 (770) decay into one pion pair dominantly. One can easily check that
The vector meson ρ 0 (770) are usually the dominant resonance for B meson decay channels with one π + π − pair in the final state, while f 0 (500) is not. This makes both the two resonances, f 0 (500) and ρ 0 (770), are dominant when the invariant mass of the π + π − pair is around the mass of f 0 (500). As a result, the decay amplitude for
when the invariant mass of the π + π − pair is around the vicinity of f 0 (500), where
is the transition amplitude for the cascade decay With the effective Hamiltonians at hand, one can in principle calculate the transition amplitude via the QCD factorization approach [12] or perturbative QCD approach [13] , etc.. These approaches will generate complex phases in the effective Wilson coefficients.
However, these strong phases usually result in a small net strong phase between the penguin and tree parts of the amplitude. Besides, since we are working in the vicinity of f 0 (500), any factorization approach seems not to be accurate for B ± → K ± ρ 0 when ρ 0 is off shell.
In view of this, we will use a naive factorization approach for both B ± → K ± ρ 0 and B ± → K ± f 0 (500). As a result, the amplitudes take the form
Just as the case of B ± → π ± π + π − in Ref. [9] , for the decay B ± → K ± π + π − , there are also annihilation terms which are also chiral enhancement terms in the meantime. However, these terms are about four
Because of this, we simply neglect these terms here.
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where F 1 and A 0 are short for the form factors F . This is a rough estimation, especially for f 0 (500), because the structure of
We use a set of Wilson coefficients from Ref. [11] : 
Since most of the models indicate that the B meson to a light meson form factor at zero recoil lies around 0.3, we simply set 
